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Theory
Aside from destroying a sample, destructive testing has the disadvantage of only allowing a very small portion of a lot of material to be inspected. With nondestructive evaluation, 100% of the samples can be tested without damaging even one specimen.
The major nondestructive testing techniques utilized by the U.S. Army Research Laboratory (ARL) at Aberdeen Proving Ground, MD, and in the field are acoustic emissions, electromagnetic, liquid penetrant, magnetic particle, radiography, and ultrasonic. The effect is an electromagnetic technique.
In its simplest form, the Barkhausen effect states that the hysteresis loop of a ferromagnetic material is not a smooth curve. There are discontinuities, or jumps, that occur along its path on a microscopic level. Hysteresis occurs because the domain boundaries do not move totally back to their initial positions when the external field is removed (3).
This discontinuous change in magnetization produces a noise-like signal similar to the time derivative of the actual magnetic flux into a coil which has been placed near the material being magnetized (4) .
When the applied magnetic field strength exceeds certain threshold values, the domain walls inside the material will move, causing the Barkhausen jumps which are simply discontinuities along the hysteresis curve. Since the middle range of the magnetizing field, H, causes the steepest slope, dH, in the hysteresis loop, it is here that these threshold values are most likely to be exceeded and Barkhausen jumps occur (5) . Irreversible domain wall boundary motions predominate in the medium field range.
At low field values magnetization increases by reversible boundary displacements, and in the high field range reversible domain rotations predominate (6) . The potential barriers caused by dislocations, precipitates, or other obstacles which "pin" the walls are surmounted at mid-range due to the greater change in flux density here. This is why the phenomena at mid-range is irreversible, while at low and high range it is reversible (7).
Microscopically, the domain wall movements are caused by changes in direction of atomic magnetic moments. These moments change their directions by 90° or 180° inside domain walls at the easy (crystal axis) magnetization directions. However, no such changes occur until wall displacements are completed (8) . For materials such as iron, the <100> lattice directions are the easy directions (9) . Domain walls move through a crystal when an applied magnetic field is varied. If the domain wall encounters an inclusion, it is elastically jerked onto it and will stay on top of the inclusion until the magnetic field is further varied; then it will move away from the inclusion elastically until it reaches an "elastic limit" where it will snap free from the inclusion. These jerks and snaps are what cause an induced voltage pulse in a coil wound on the specimen (10).
Two important formulas arise from the domain wall calculations (11) . First, a formula for the effective wall thickness:
where M is the particle mass and 0 K comes from the crystalline-anisotropy energy density, . 
where  is the meridional angle of cylindrical coordinates and where  is the angle that the magnetic moment makes with an arbitrary initial or standard direction.
There are two pressures on the domain wall which must balance in order for it to be in equilibrium. The first is the pressure due to the magnetic field, and the second is the pressure due to inhomogeneities, 
Experimental
The Barkhausen noise analysis (BNA) method has been used by both the government, academia and industry to examine grain size, carbon content, applied tension, and plastic deformation. Potentially, it can be used to characterize metallurgical, microstructural, and mechanical parameters.
The Barkhausen noise (BN) threshold, which is the threshold of the background noise, has been determined to be the minimum value of the BN envelope at the magnetic saturation region. As a result of these measurements, the following BN parameters were evaluated: root mean square (RMS) value, frequency spectrum, BN envelope or RMS profile of BN, BN energy or time integral of BN envelope as a function of real sample field, and pulse height distribution of BN.
After analysis of these results, Stupakov et al. (13) proposed an optimized sensor with a controlled waveform to improve the measurement repeatability. This is an integrated BN sensor that combines a single yoke, the field sensor(s) for magnetization control with digital feedback, and the pancake coil of a prototype BNA system.
The BN signal is of a stochastic nature, so that only the average properties are reproducible. Therefore, the point parameters, such as the peak value (position) of the BN envelope or the single frequency component of the BN spectrum, are not generally reliable. There are two ways to handle the BN parameters today: using data averaging over either adjacent points or consequent magnetization cycles. Because of the background noise, the magnetic information is only contained in the tail of the pulse height distribution. After an extensive literature search, there have been no known reports of the successful application of BN jump parameters over the RMS-based values (13) .
A Stresscan 500C instrument was used to examine cylindrical steel specimens at several points which are described as high area and low area regions.
The statistical distributions of the Barkhausen noise is known to have distortions. These distortions can be measured by the magneto-optical Kerr effect (MOKE). The light that is reflected from a magnetized surface can change in both polarization and reflectivity. The MOKE is identical to the Faraday effect except that it is a measurement of the reflected light, while the Faraday effect is a measurement of the transmitted light. Both effects result from the off-diagonal components of the dielectric tensor  . The relationship between the electric displacement field, D, and the electric field, E, is: D =  E.  is also called the permittivity and is a scalar if the material in question is linear, homogeneous and isotropic, but can be a tensor if the material is anisotropic. Using the MOKE, Pinotti et al. (14) have developed statistical distribution formulas for both a uniform beam and a Gaussian.
A Stresscan 500C was used to examine a cylindrical steel specimen at several points which are described as high area and low area regions.
To examine the distribution of BN signals, nine ferromagnetic specimens were examined at ARL at opposite orientations, 0 and 90°. 
Results
The strength of a BNA signal will decrease with increasing depth. The data for steel in table 1 shows this decrease in strength. The BNA signal decreases by a much greater percentage near the surface than it does at greater depths. Whether the signals are of a large magnitude or a small magnitude, decreases in the BNA signal decreased by 70% at depths from 0.07 to 0.20 mm as compared to depths from 0.02 to 0.07 mm. The BN signals from the nine ferromagnetic specimens indicate that there are indeed variations in the signal strengths that must be accounted for by a statistical method. The initial stages of this work have been accomplished in this report by examining the stable parameters of the Barkhausen noise analysis method.
Discussion
The appearances of BN depend on the kind of ferromagnetic specimen being studied, the character of quenched in defects, the external field driving rate, thermal effects, the strength of the demagnetization fields, and other experimental parameters. There are several theoretical approaches to the explanation of BN. First is the domain wall (DW) motion approach. The Langevin equation has been used with this approach and ultrathin ferromagnetic films have been investigated using it. The self-organized criticality (SOC) approach is the second approach. This approach has been used with the Jensen, Christensen, and Fogedby (JCF) type of analysis which is a statistical characterization of the observed BN. Third, is the fractal time signal approach and fourth, the O'Brien and Weissman approach which basically refutes the SOC approach. In this approach, the 1/f noise and power-law distributions are not necessarily evidence of SOC, but are rather the consequences of scaling properties of quenched disorder in material. The fifth and final approach is the Urbach et al. (15) approach which exploits the concept of rough-surfaces growth to describe the DW motion, with the result that long-range demagnetization fields strongly affect the character of the BN.
It has been found that the BN elementary signal's (BNES) probability distribution function is a generalized homogeneous function (GHF) which enables us to re-derive all scaling relations in the framework of standard critical phenomena (14) .
The BNES can be described mathematically by the two component equation:
where C is a proportionality constant,  is the corresponding signal exponent, and g( t /T) is some function which is close to one for small values of the argument and decreases rapidly to 0 as the values of t /T increase. Here, t is the time measured from the beginning of the elementary signal and T can be thought of as the duration of the elementary signal (16, 17) .
Conclusions
BNA is primarily a surface test method due to the attenuation of its signal by eddy current shielding effects. For greater depth of penetration testing the magneto-acoustic emission (MAE) method, the ultrasonic method, or radiography method should be used. An analysis of the data shows that the BNA method is more reliable at greater depths than previous studies have shown. This data was collected for steel and the result will be tested for any metal matrix composite materials that may contain ferrous elements and for any other ferrous-like composite materials. 
